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PAST ACCOMPLISHMENTS 

The following is a l i s t  of the successful major s a t e l l i t e  and 
space probe firings that have been carr ied out i n  connection with the  
NASA program since the creation of NASA i n  1958; 

P I O m  I 

PIONEER I1 

PIONEER I11 

VANGUARD I1 

PIONEER Iv 

EXPLORER V I  

VANGUARD I11 

EXPLORER VII 

P I O m  v 
TIROS I 

ECHO I 

EXPLORER V I 1 1  

TIROS 11 

EXPLORE3 Ix 

EXPLORER x 
EXPLORER X I  

TIROS I11 

EXPLORER X I 1  

EXPLORER X I 1 1  

n o s  N 

os0 I 

ARIEL I 

TIROS V 

TELSTnp I 

Magnetic f ie ld ,  radiation b e l t s  

Magnetic f ie ld ,  radiation bel ts ,  cosmic rays 

Radiation bel ts ,  cosmic rays 

Cloud cover 

Radiation bel ts ,  cosmic rays 

Magnetic f i e ld ,  radiation belts 

Magnetic F ie ld  

Radiation bel ts ,  cosmic rays, thermal radiation, 
micrometeors 

Magnetic f ie ld ,  cosmic rays 

Cloud cover 

A i r  depsity 

Ionosphere, micrometeors 

Cloud cover, thermal radiation 

A i r  density 

Magnetic f i e ld ,  plasma 

Gamma radiation 

Cloud cover, thermal radiation 

Magnetic f i e ld ,  radiation bel ts ,  cosmic rays 

Micrometcors 

Cloud cover, thermal radiation 

Electrowgnetic radiation from sun 

Ionosphere, radiation 

Cloud cover 

Active corimmnications 

ECHO I1 Passive corxmn5 ct l t ions 

-1- 



milos VI Cloud covcr 

AIIOULTrn Ionospheric topsidc,soimding, radio noise, cosmic rays 

ICXPLORER X N  Energetic par t ic les ,  magnetic f ic ld ,  cosmic rays 

EXPLORER xv ''; '&idiation belts 
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EXPERIMENTS AND E3cpERIMENTERS FOR FORTHCOMING MISSIONS 

The experiments and experimenters f o r  forthcoming missions are  

described i n  the following sections. 

Orbiting Geophysical Observatories 

Orbiting Solar Observatories 

Orbiting Astronomical Observatories 

Interplanetary Monitoring Probe 

International Sa te l l i t e s  

Ranger 

Surveyor 

Mariner 

Orbiting Biological Observatories 

c 

. 
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ORBlTII!$G GEOPKYSICAL OBSEWlATORIES 

The Orbiting Geophysical Observatories (OGO) are a ser ies  of 
standardized spacecraft capable of accormnodating t h i r t y  or  more 
sc i en t i f i c  experiments i n  various orb i t s  reaching far from the 
earth. Two types are planned: 

(1) %'Eccentric Orbiting Geophysical Observatory. (EGO) w i l l  
be placed i n  a highly eccentric o rb i t  reaching from a perigee of 
170 miles t o  an apogee of 69,000 miles. It will be useful f o r  
Investigations beyond the geomagnetic f ie ld ,  within the, f ie ld ,  and 
within the Van Allen radiation belts. 

(2) The Polar Orbiting Geophysical Observatory (POGO) w i l l  be 
launched into near-earth polar o rb i t s  (160 t o  570 mile polar orb i t s ) .  
POGO w i l l  emphasize the investigation of the phenomena of the s o l a r  
regions, such as the radiation bel t  "horns", auroral  ac:tivity, low 
energy cosmic rays, the geomagnetic f ie ld ,  the ionosphere, and 
anomalous temperature and density changes. 

The WO spacecraft w i l l  weigh\ approximately 1,000 pounds, of 
which 150 pounds i s  a l lo t t ed  t o  experiments. 
scheduled t o  be launched with an Atlas-Agena during 1963 from AMR. 

The first E O  is  

The first POGO is  scheduled f o r  launch with a Thoir-Agena during 
It, too, w i l l  weigh about 1,000 pounds,, of which 150 1964. from PMR. 

has been a l lo t t ed  t o  sc i en t i f i c  experiments. 

Spacecraft design, development, fabrication, assembly, integra- 
t i o n  of experiments, and t e s t  and evaluation a re  being carr ied out 
under contract by the  Space Technology Laboratories, Los Angeles, 
California. 
POGO have been l e t .  

Essentially a l l  subcontracts f o r  the f i r s t  EGO and first 

The current design f o r  the OGO spacecraft c a l l s  f o r  a body 
about 2-3/4 f t  x 2-3/4 f t  x 5 f t  containing portions of the  s tab i l iza-  
t i o n  control, power supply, communications, and data hsndling and 
thermal control systems, as weU, as space for experiments. The power 
supply system consists of solar  c e l l  panels, nickel cadmium bat ter ies ,  
and a charge control system. 
average power of 250 watts w i l l  be available. Maximum power allocated 
t o  sc i en t i f i c  experiments i s  80 watts and the average power is  50 
watts. Angular orientation of the spacecraft is  accomplished through 
torques developed by motor-driven i n e r t i a l  flywheels and by gas jets. 
Deviations of the spacecraft f romthe  sun axis are  sensed by solar  
ce l l s ;  deviations from the ea r th ' s  loca l  ve r t i ca l  are determined by 
horizon scanners. Thermal control i s  accomplished by use of radiat ion 
shields and louvers. "he data processing and communications system 
accepts ground commands t o  program exper-nts, t o  vary transmission 
rates, and t o  apportion information b i t s  t o  the data generated by 
the experiments and by vehicle performance parameters, Storage of 
84 million b i t s  of data i s  possible by use of two magnetic tape 
recorders. Two redundant wideband telemetry transmitt,ers i n  the 
spacecraft are capable of sending experimental and spacecraft data 
back t o  earth, e i ther  i n  r e a l  time, on command, o r  f r c u n  storage. 

A maximum power of 414 watts and an ' 

J 

. 
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The following are the f i n a l  l i s t s  of experiments and experimenters 
fo r  the first EGO and the f i rs t  POGO. 

FIRST EGO SPACECRAFT 

Experiments and Experimenters 

1. 

2. 

3. 

4. 

5. 

6 ,  

7. 

Solar cosmic rays, 10-90 MeV, using a sc in t i l l a t ion  detector t o  
measure fluxes. 

K. A. Anderson 
University of California (Berkeley) 

Positron and gamma ray detection, using double gamma ray 
spectrometer t o  measure positrons ( 0  t o  3 MeV) and t o  monitor 
solar photon bursts.  

T. L. Cline and E.  W. Hones, Jr. . 
Goddard Space Flight Center 

Trapped radiation studies, with ion-electron sc in t i l l a t ion  
detector, of trapped electrons with directional energy flux, 
10 KevC E e l 0 0  Kev, and protons with directional intensity, 
120 Kev<E<4.5 MeV. 

L. R .  Davis 
Goddard Space Flight Center 

Galactic cosmic rays and isotope abundance with cosmic ray 
telescope. 

F. B. McDonald and D. A .  Bryant 
Goddard Space Flight Center 

Low energy galactic cosmic ray flux, using charged par t ic le  
telescope t o  study protons above 0.2 Mev and other nuclei a t  
higher energies. 

J .  A.  Simpson, C .  Y. Fan and P. Meyer 
University of Chicago 

Trapped radiation, using Geiger tubes t o  measure omnidirectional 
in tens i t ies  of outer belt electrons exceeding 110 Kev, 120 Kev, 
and 1 . 5  MeV. 

J. A .  Van Allen and L. A. Frank 
State University of Iowa 

Trapped radiation, using spectrometer t o  measure electron energy 
up t o  4 MeV. 

J. A. Winckler and R.  L. Arnoldy 
University of Minnesota 
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6. Fluctuations i n  vector magnetic f i e l d  i n  frequency range 0.01 t o  
1000 cps using t r i a x i a l  search c o i l  magnetometer, 

E ,  J. Smith R.  E. Halzer 
J e t  Propulsion Laboratory U. C .  L, A.  

9. Rubidium vapor magnetometer t o  measure magnitude and direction of 
magnetic f i e lds  over the range 1 t o  100 gammas, 

J. P. Heppner 
Goddard Space Flight Center 

10. Electrostat ic  analyzer used as plasma proble to  measure proton 
concentrations (10-2 t o  10-4 part ic les  per cm3) as a function of 
proton energy, 0.2 t o  20 Kev. 

M. Ba&r 
Ames Research Center 

11. Proton a id  electron Faqday cup plasma probes t o  measure proton 
f lux  and energy spectrum, and the i r  variations,  i n  the energy 
range, 10 ev t o  10 Kev. 

H. Bridge, A. Bonetti, B. Rossi, A.  J, Lazarus, F. Scherb 
Massachusetts Ins t i tu te  of Technology 

12. Spherical ion and electron ion t rap  t o  measure concentration and 
energy dis t r ibut ion of charged par t ic les  i n  energy range 0 t o  
1.0 Kev, 

R. C .  Sagalyn and 14. Smiddy 
A i r  Force Cambridge Research Ins t i tu te  

13.  Planar ion and electron trap t o  obtain densit ies and energy 
distributions of charged par t ic les  of both polar i t ies  i n  the low 
energy or  thermal range 

E. C .  n i p p l e ,  Jr. 
Goddard Space Flight Center 

11;. VLF noise aqd propagation a t  frequencies of 200 t o  100,000 cps. 

R. A ,  Helliwell and L. HI Rordan 
Stanford University 

15. Radio astronomy in  frequency band 2 t o  4.Mc, pr inar i ly  t o  measure 
the dynamic radio spectra of solar bursts, 

F. T. Haddock 
University of Michigan 
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16. Radio beacon t o  radiate Linearly polarized signals (40 and 360 Mc) 
toward the earth t o  measure nunber of electrons beneath the 
s a t e l l i t e .  

R .  S .  Lawrence and H. J. A .  Chivers 
National Bureau of Standards (CRPL)  

17. Ion mass spectrometry t o  obtain direct  measurements of posit ive 
ion coniposition i n  the range 1-50 PNU. 

11. Taylor and N.  W .  Spencer 
Goddard Space Flight Center 

13. Micrometeoroids; vector velocity distribution, cumulative mass 
distribution, effect  of geocentric distance. 

W .  M. Alexander and C .  W .  McCracken 
Goddard Space Flight Center 

19. Lyman-alpha scat ter inc i n  the geocorona and the interplanetary 
m c d i L U i 1 .  

P. M. Mange 
Naval Research Laboratory 

20. Back-up experiment. Geogenschein photometry i n  ul t raviolet ,  
,;reen and infrared regions. 

c .  L .  Wolff 
Goddard Space Flight Center 

c 
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FIRST POGO SPACECRAFT 

Y 

Experiments and Experimenters 

1. Radioastronomy measurements of galact ic  emission a t  2.5 and 
3.0 Mc/s 

F. T. Haddock 
University of Michigan 

2. VLF measurements of t e r r e s t r i a l  and other emissions i n  the 
frequency range, 0.2 t o  100 Kc. 

R .  A. Helliwell 
Stanford University 

3 .  VLF t e r r e s t r i a l  and other emissions at 0.5 t o  10 Kc 

M I  G. Morgan and T. L. Laaspere 
Dartmouth College 

4. Relationship between VLF emissions and high energy electron 
bunches from 5 t o  100 Kev. 

J. A. Winckler R .  M. Gallet 
University of Minnesota National Bureau of Standards (CRPL) 

5. Magnetic f i e l d  fluctuations i n  the low audiofrequency range using 
search c o i l  rrz,pctonctors 

R.  E .  Holzer E. J. Smith 
University of California (L. A . )  J e t  Pr opul s ion Lab orat  cry 

6 .  World magnetic survey w i t h  rubidium-vapor and helium magnetometers 

J. P. Heppner, H. R. Boroson and J. C. Cain 
Goddard Space Flight Center 

7. Comparison of ionization over polar regions with -that measured by 
space probes (such as Mariner, Ranger, e tc .  ) 

H. V. Neher H. Anderson 
CaJ-ifornia I n s t i t u t e  of Technology J e t  Propulsion Laboratory 

8. Detemination of nucleons, 0.3 t o  30 MeV, by means of a sc in t i l l a -  
tion tclessope. 

J. A. Simpson 
University of Chicago 
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9. 

10. 

ll. 

12. 

13 

14 . 

15 

16 . 

17. 

Energy spectrum and charge par t ic le  composition of galact ic  and 
solar cosmic rays as observed with a modified Cerenkov detector. 

W. R .  Webber 
University of Minnesota 

Net downflux of corpuscular radiation i n  the auroral zones and 
over the polar caps, using Geiger tubes a s  detectors. 

J. A. Van Allen 
State University of Iowa 

Low energy trapped radiation and auroral par t ic les  (electrons, 
10-100 Kev; protons, 100 Kev t o  4.5 MeV) as observed with 
sc in t i l l a t i on  detector. 

R. A. Hoffhm, L. R. Davis, A.  Konradi, and J. M. Williamson 
Goddard Space Flight Center 

Photometer airglow measurements a t  63004 5577A, 39111A, and i n  
the near u l t rav io le t  region. 

J. Blmont E.  I. Reed 
University of Par is  Goddard Space Flight Center 

Airglow studies i n  the Lyman-alpha, far ul t raviolet ,  and l23OA- 
1350A regions with W ion chamber. 

P. M. Mange, T. A. Chubb and H. Friedman 
Naval Research Laboratory 

Ultraviolet  spectrometer f o r  airglow measurements between U O O A  
and 340OA 

C. A. Barth L. Wallace 
J e t  Propulsion Laboratory Yerkes Observatory 

Paul massenfilter mass spectrometer f o r  neutral  pa r t i c l e  and ion 
composition i n  the  mass ranges 0-6 AMU and 0-40AMU 

L. M. Jones and E. J. Schaefer 
University of Michigan 

Bennett RF ion mass spectrometer f o r  rnass ranges 1-6 AMU and 
7-45 AMu 

H .  A. Taylor, 
Goddard Space 

Density of neutral  

G. P. Newton 
Goddard Space 

Jr. and H. C .  Brinton 
Flight Cent e r 

particles with Bayard-Alyert ionization gage. 

Flight Center 

Y 



. 

18. Micrometeorites; spat ia l  density, mass distribution, velocity, 
and charge. 

W. M. Alexander, C. W. McCracken, 0, E. Berg, L .  Secretan 
Goddard Space Elight Center 

19. Ionosphere charged particles and solar W radiation observed with 
a combined retarding-potential analyzer. 

R. E. Bourdeau 
Goddard Space Fligiii; Center 

I 
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ORBITING SOLAR OBSERVN!ORIES 

The Orbiting Solar Observatories (OSO) are  a ser ies  of s tab l i lzed  
space platforms designed primarily fo r  solar  oriented experiments. The 
spacecraft consists of a rotat ing wheel-like structure,  containing nine 
wedge-shaped compartments for instrumentation, connected t o  a fan-shaped 
s tabi l ized section by a shaft. The oriented porklor1 of the spacecraft 
points continuously at  the center of the sun with an accuracy somewhat 
l e s s  than 2 minutes. The wheel experiments a re  i n  general sky mapping 
experiments comparing radiation from the sun t o  the.t i n  other portions 
of the  sky. 
vehicles and a r e  intended t o  orb i t  the ear th  i n  a c i rcu lar  o rb i t  a t  an .  
a l t i t ude  of 300 miles. 

The observatories are launched from AMI;: by Thor-Delta 

The first Orbiting Solar Observatory, OS0 I, WELS launched successfully 
on March 7, 1962 and returned useful, unique data concerning the  sun during 
eleven weeks of continuous operation and several adilitional weeks of in te r -  
mittent operation. 

The second OS0 w i l l  be launched i n  the second quarter of 1963, and 
the  th i rd ,  i n  the fourth quarter of 1963. 
w i l l  carry the following experiments: 

The second and t h i r d  OSO's 

SECOND OS0 SPACE- 

Experiments and Experimenters 

1. Ultraviolet  spectrometry i n  the  ranges, 75-6OOA and 500-15OOA. 

W. L i l l i e r ,  L ,  Gddberg 
Hanard University 

2. Solar X-ray burs t s  i n  the  8 - 2 0 ~  and 44-66A regions. 

T. A. Chubb, R. Kreplin 
Naval Research Laboratory 

3.  White l i g h t  coronagraph 

R. Tousey, J. &,cell 
Naval Research Laboratory 

4. Solar scan i n  the  Lyman-alpha region 

R .  Tousey, J. Rcrcpll 
Naval Research Laboratory 

5. In tens i ty  and direction1 of polarized l i g h t  from interplanetary space. 

I 
University of Minn so ta  
E. P, Ney 1 

I . 
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6. ,kcrival direction and energies of primary cosmic rays, 50-1.000 Mev 

C. P. Leavitt  
University of New Mexico 

7. Ganma ray energy spectrm, 0.1 t o  5 MeV 

K. J. Frost 
Goddard Space Flight Center 

8. Ultrs.violet stellar and nebular spectrophotometry i n  the region, 
900-3800A 

K. L. I la l lam,  W. A, White 
Goddard Space n i g h t  Center 

9.  Emissivity s t a b i l i t y  of surfaces i n  a vacuum environment 

G. G. Robinson, C. B. Nee1 
Ames Research Center 

. 
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THIRD OS0 SPACECRAFT 

Experiments and Experimenters - 
1. Monochromator measurements of solar extreme ultraviolet. 

H. E. Hinteregger 
Air Force Cambridge Research Laboratories 

2. Emissivity stability of low temperature coatin.gs. 

C. B. Neel, G, G. Ro-uinson 
Ames Research Center 

3. Earth d'oedo in the ultraviolet and visual regions. 

C. B. Neel, G, G. Robinson 
Ames Research Center 

4. X-ray and gamma ray astronomy 

L. E. Peterson 
University of California, La Jo.lla 

5.  Studies of the solar spectrum from 1 A to 400 A 

il. E. BehrinG, W. A. Wlnite, W. M. Neupert,, J. C, Lindsay 
Godilard Space Flight Coiiter 

6. G a r m a  ray astronomy 

W. L. Kraushaar 
Massachusetts Institute of Technology 

7. Solar X-rays 

R. G. Teske 
University of Michigan 

8. Solar gamma rays 

E. M. Hafner, M. F. Kaplon 
University of Rochester 

Alternate Experiments and Experimenters -- 

1. Proton-Electron Measurements 

S. D. Bloom, E. Schrader 
UCLRL 

2. Solar X-ray Spectrocopy 

H. Friedrcan, T. A. Chubb 
Naval Research Laboratory 

3.  Solar X-ray Measurements 

R. Tousey, T. A. Chubb 
Naval Research Laboratory 





ORBIT1 NG ASTROPTCMI C!JL OBSERVATOXES - 

The Orbiting Astronomical Observatories (OAO) are  designed fo r  
the exploration of those regions of the spectrum t h a t  a r e  now 
inaccessible because of atmospheric absorption. The OAO i s  a 
precisely-stabil ized s a t e l l i t e  designed t o  accommodate astronomical 
observing equipment. 
observatories are  all concerned with s t e l l a r  astronomy i n  the u l t ra -  
v io le t  range (800 t o  4000 E ) .  

The primary experiments fo r  the first three 

1. The f i r s t  0)-0 \ r i l l  ccrry %-,io prime cxpcriments: 

a. A mappiiiG study ol" the cclestkal sphcrc i n  thi-32 
u l t rav io le t  ranges Th i s  experiment will map t l i  
sky i n  u l t rav io le t  down t o  a wavelength of 1100 
with three broad band te levis ion photometers and 
will record the 'orightncss of soni~ 200,000 stars. 

i 

b. A broad band photometry study oi' indiv.i.dml s k r s  
and nebulae. These observations w i l l  be directed 
toward the determination of the s t e l l a r  energy 
dis t r ibut ion i n  the spectral  region from 800 t o  
approximately 3000 8, and the measurement of emis- 
sion l i n e  in t ens i t i e s  cf diffuse nebulae i n  the 
same spectral  rcg-i~sn. These investigations a re  
expected t o  proviAe data which vi11 serve as an  
aid i n  designing l a t e r  insfrumentation i n  addition 
t o  t h e i r  astronomical value. 

2. The second OAO w i l l  contain a system designed t o  obtain 

The opt ical  system w i i l  employ a r e l a t ive ly  f a s t  36-inch 
absolute spectrophotometric data on selected stars, nebulae and 
galaxies. 
Cassegrain telescope with a la rge  aperture spectrop:notometer and w i l l  
use both the coarse (1 minute of arc)  and the f ine  (1 second of a rc)  
control syst  ins. The usable spectral  region . w i l l  be approximately 
912 t o  4000 fl . 

3. The absorption experiment i n  the th i rd  observatory has, as  
i t s  primary objective, quanl;i-tative observations of the absorption 
spectrum f the intezWxU.ar as i n  the regions be+,.,reen 800 
and 1500 31 and 1600 and 3000 P . 

It i s  expected t h a t  later s a t e l l i t e s  will be used for studies 
of the  sun and planets. I n  addition, d l  observatories wTll have a 
l i d t e d  amount of payload capacity for  small secondary experiments. 

%. The present concept of the  OAO spacecraft i s  being developed 
by the  Grumman Aircraf t  Engineering Corporation, Bethpage, L,I., N. Y. 
Tne basic structure i s  octapnally-shaped wifh a central  tubular area 
containing the e x p e r i i ; i e n t a i , ~ ~ u i p ~ e n t .  
cral"t i s  expected t o  be about 3300 lbs . ,  of which 1.000 lbs .  i s  allocated 
t o  the experiinenlal apparatvs. 

The t o t a l  weight of the space- 
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The power supply for OAO i s  exter.ntll_ly-i,iounted fixed arrays of 

An ruerap  lioirer of 215 mtts  i s  a v a i l -  
s i l i con  solar  c e l l s  used i n  conjunction .crith rechargeable nickel- 
cadmium storage ba t te r ies .  
able from the arrays. 
equ ipen t  is  t o  be 30 mtts  nvLr<,ge : a d  60 watts peak. 

The po.irc.~ available t o  the experimental 

The s tab i l iza t ion  m d  cont;.ol. S ~ S ~ C N  consisks of star tac 'ccrs,  
s~1.n trackers, i n e r t i a l  wheels, and gas j e t s .  The requirements 
imposed on the guidance and control system vi11 permit determination 
of the absolute direct ion of the opt ical  axis  t o  an accuracy of one 
minute of a rc  and orientation of the opt ical  ax is  t o  one degree 
with respect t o  a known reference. Also, t h e  control system w i l l  
permit an ultimate guiding accuracy of 0.1 second of arc  during 
observation of an individual star. The major function of the 
a t t i t ude  control system rmy be categorized a s  follorrs : 

1. To s tab i l ize  the spacecraft folloihring booster 
segaration and t o  es tab l i sh  i t s  a t t i t ude  with the required 
p e c i s i o n .  

2. To slew the sa te l l i t e  t o  any desired a t t i t ude  as 
dictated by the sc i en t i f i c  objectives of the mission. 

3. To enable the s a t e l l i t e  t o  maintain a given at t i<>ude 
ir-ith the required accuracy for lonz periods or tirile. 

The remainder of the basic system i s  comprised 0.2 data ct80ragc 
uni t s  and a comiunications system, including four rad50 l t u l x  
vhicil a re  requlred t o  accor:?plkh traclring, com,iand, cild telerwtry . 

The s a t e l l i t e  w i l l  t e  launched by an  A t l a s - A g e  na-E irom A! L7 
in to  an approximately c i rcu lar  orb i t  at an a l t i t ude  of 500 s ta tu te  
niileo, inclined t o  the equator a t  an angle  of 32 dcr;i,ces. 

. 



ORBITING ASTRONOMICAL OBSERVATORIES - 
OAO-1, OAO-2, OAO-3 

Experiments and Experimenters I. 1 

OAO-1 - 
Mapping i n  three ultraviolet ranges 

F. Whipple 
Smithsonian Astrophysical Observatory 

Stellar broad hand photometry measurements in  ultraviolet 

A. Code 
University of Wisconsin 

OAO-2 - 
Absolute specWophotometry measurements 

J, Milligan 
Goddasd Space Flight Center 

OAO- 3 - 
3m&rowlLar absorption measurements 

L. Spitzer 
Princeton University 
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INTERPLANETARY MONITORING PROBES 

The interplanetary monitoring probes have been developed f o r  
the purposes suggested by tiheir name. They belong t o  the general 
group of small s a t e l l i t e s  and w i l l  be put i n  orb i t  with the Delta 
vehicle. 
and a perigee of 110 miles and a small angle of inzlination (31O). 
The f irst  interplanetary monitoring probe will carry the following 
experiments . 

The planned orb i t  c a l l s  for  an apogee of 180,000 miles 

FIRST INTERPLANETARY MONITORING PROBE - 
Experiments and Experimenters 

1. Magnetic f i e l d  measured hvlth rubidium vapor and fluxgate 
magnetometers 

N. F. Ness 
Goddard Space Flight Center 

2. Plasma measurements i n  energy range of a few electron vol ts  t o  
8 ICev 

H. S. Bridge 
Massachusetts In s t i t u t e  of Technology 

3. Energetic par t ic les  i n  energy range, 10 t o  200 MeV 

J. A .  Simpson 
Chicago University 

4. Plasma measurements i n  thermal energy range (0-10 Ev) 

G. P. Serbu 
Goddard Space Flight Center 

5. Total chnryed p a r t i c l e  flux 
IC. , A. , Aiic1czsc.n 
University of California, Berkeley 

6. Total energy of protons versus energy loss  over range, 
10 t o  100 Mev 

F. B. McDonald 
Goddard Space Flight Center 

7. Proton analyzer 

14. Bader 
Ames Research Center 
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INTERNATIONAL SATELLITES 

I "  
A number of s a t e l l i t e s  are  programed tha t  c a l l  flw international 

cooperation with e i ther  national uni ts  of sc ien t i s t s  3r with 
individual sc ien t i s t s .  These sa t e l l i t e s  are: 

1. A second United Kingdom s a t e l l i t e  (ARIEL, International 
Ionosphere Satel l i te ,  was the f irst)  - F i r s t  releases of 
information concerning the experiments t o  be carried aboard the 
UK #2 indicate the following: 

a. A galactic radio noise study i n  the frequency range 
between 0.75 t o  3.0 megacycles and exploration of 
the upper atmosphere. 

- F. G. Smith of the University of Cambridge 

b. A study of the ver t ica l  distribution of ozone i n  the 
atmosphere using f i l t e r e d  photocells and a prism 
spectrometer i n  the region from 25OO t o  4000A. 

- R.  F r i th  and K .  A.. Stewart of the UK A i r  Ministry 

c. A study of micrometeorite flux; the quantity and size 
of par t ic les  down t o  several microns studied by the 
holes formed in  th in  metallic films.. 

- R .  C. Jennison and J. Bank of the Muf'fCield Radio 
Astronomy Laboratories 

Experiments have not been announced fo r  the t h i r d  UK sa t e l l i t e .  

2. Polar Ionosphere Beacon - The primary o'bjectives of the 
experiments on the s a t e l l i t e  will be t o  determine the general prof i le  
of the ionosphere, i t s  i r regular i t ies ,  and the  propa,sation characterist ics 
below the a l t i tude  of the s a t e l l i t e  as  these characterist ics affect  radio 
communication frequencies. This program offers  an opportunity for  world- 
wide cooperation. Foreign observers w i l l  be given o rb i t a l  data necessary 
t o  conduct experiments with the beacon radio frequencies from the s a t e l l i t e .  

I n  addition the f i rs t  Canadian sa te l l i t e ,  Alouette, (Polar 
Orbiting Geophysical Satel l i te ,  Topside Sounder) was flown i n  1962. 
Future Canadian s a t e l l i t e s  are  a lso being contemplated. 
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Rcngcrs 3 -3iro~;h 5 included a hard-landing ccpsule as itrcll as  
a illain bus and iiei-e designed t o  obtain niedim resolution TV photos 
of the l ~ m a r  surface; t o  nieasure g a m  ray spectra, t o  land a 
seisraoineter on the lunar suri"ace, and t o  measure lunar surface radar 
r e f l ec t iv i ty  charactcriotic s . 

The priiile e;qe;.Licnt on Rangers 6 .throLgli 111 sha l l  be a wide 

An al ternate  p a n e  e:prir,icnt f o r  the l a s t  two 
bandvidth te levis ion system f o r  ob ta in iw close-up pictures of the 
moon on apLp-oach. 
o r  three flights sha l l  be a. high Iresolution facsinlile device srhich 
~rou ld  be landed on the sw-face i n  a capsule similar to t ha t  used 
on Rangers 3 through 5 and srould furnish a panoramic view of the 
surrounding area a t  very high resolutions. 

I n  addition t o  the prime experiments mentioned above, the 
following experiments are scheduled f o r  f l i g h t  on Rangers 7 through 
9, subject t o  the ava i l ab i l i t y  of suff ic ient  e l ec t r i ca l  power t o  

chosen ?or Rangers 10 -Lhro@i 14. 

' 

I * sustain then. Srmll exper2uen'cs of this  type have not as yet been 

1. 

2. 

3. 

.4. 

5. 

Measweien-l; of the absolute. electron flu: i n  the energy 
range 250 Kev t o  a few MeV 

D r  . G. 3'. P i e p r ,  Applied Physics Laboratory, 
John Hopkins University 

Low cnergy solar  proton detector 

Dr. &I. Bader, haes Research Center 

Study of 3.osr energy ions i n  the interplanetary medSum and 
i n  #the lunar atmosphere . 

G. P. Serbu and R. E. Bmdeau 
Goddard Space Fl ight  Center 

Dust pa r t i c l e  experiment for Ranger impactors 

W. M. Alexander 
Goddard Space Fl ight  Center 

Ionization chamber and counter experiment 

H. R. Anderson , 

Jet Propulsion Laboratory 

c 
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6. Electron-proton spectrometer 

Dr. T. A. Farley and Dr. N. Sanders 
University of California at Los Angeles 

7. Search coil magnetometer 

E. Smith 
Jet Propulsion Laboratory 
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SURVEYOR 

The first major lunar sof t  lander i n  the NASA program i s  the 
Surveyor. 
i s  indicated by the fo3.lowing l i s t  of experiments selected f o r  the 
first several missions: 

The use of the Surveyor fo r  investigation of the moon 

1. Visual surveillance GP l;may su-face features 

G. P. Kuiper, Tjniversity of Arizona 
E.  M. Shoemaker, U. S. Geological Survey 

2. Determine physical properties of lunar surface material  

S. P. Clark, Yale Un'iversity and Carnegie Ihs t i t u t ion  
of Washington, I). C. 
F. Press, California I n s t i t l t e  of Technology 
F. E. Ingerson, University of Texas 
G, C. Kennedy, University of California a t  Los Angeles 
E. M. Shoemaker, U. S. Geological Survey 

3 .  Ident i fy  minerals on lunar surface 

H. Hess, Princeton Uriiversity 
E. Goldberg, University of California a t  San Diego 

Determine flux and velocity and mass dis t r ibut ion of 
material ejected from lunar surface by meteoric impacts 

4. 

Experimenters t o  be designated 

*5 .  Determine body properties of the moon 

M. Ewing, Columbia University 
F. Press, Califcrnia Ins t i t u t e  of Technology 

Determine thermal d i f fus iv i ty  and magnetic suscept ib i l i ty  
of lunar surface material 

'-6. 

S. P. Clark, Yale University and Carne'gie Ins t i t u t ion  of 
Washington, D. C. 
F. E ,  Ingerson, University of Texas 
G. C.  Kennedy, University of California att Los Angeles 
E. 14. Shoenmlrer, U. S .  Geological Survey 

*7. Elemental analysis of iunar surface material 

Experimenter t o  be designated 

* These experiments a re  a l ternates .  I n  event f i rs t  few mission 
attempts are  successful, they may be replacements f o r  experiments 
on subsequent missions. 

we 
_ .  attempts. 

This experiment being cmsiclered f o r  inclusion i n  first mission 





MARINER 

The Mariner spacecraft i s  intended t o  provide exploratory 
investigations of the planets Venus and Mars. 

The first Mariner, called Mariner R, was launched on 
August 2'7, 1962. Ekperiments carr ied were as follows: 

1. Measure Venus surface brightness temperature and. temperature 
a t  intermediate leve l  i n  Venus atmosphere: 

A. Barrett,  Massachusetts In s t i t u t e  of Technology 
A. E. Lilley, Harvard University 
J. Copeland, Marshall Space Flight Center 
D. E. Jones, Jet Propulsion Laboratory 

2, Determine cer ta in  constituents and temperature structure of 
Venus atmosphere : 

L. Kaplan, J e t  Propulsion Laboratory 
C. Sagan, University of California a t  Berkeley 
G. Neugebauer, J e t  Propulsion Laboratory 

3. Determine spa t i a l  and temporal variations of in-cerplanetary 
magnetic f ie ld ;  measure outer reaches of magnetic f i e l d  of 
Venus : 

C. P. Sonett, NASA-Ames Research Center 
P. J. Coleman, Jr., University of California a t  Los Angeles 
L. Davis, Jr., California Ins t i t u t e  of Technology 
E. J. Smith, J e t  Propulsion Laboratory 

Measure t o t a l  ionization and specific ionization of energy 
charged pa r t i c l e s  i n  interplanetary space: 

l k .  

H. V. Neher, California Ins t i t u t e  of Technology 
H. R .  Anderson, J e t  Propulsion Laboratory 

5. Measure medium energy electrons and protons i n  space and i n  
v ic in i ty  of Mars: 

J. A, Van Allen, State University Iowa 

6. Measure flux, e n e r a  spectra, and directiona1it;y of plasma 
electrons and protons: 

C . W. Snyder ~ and M. Neugebauer 
J e t  Propulsion Laboratory 

7. Measure flux, directionali ty,  mass distribution, and velocity 
dis t r ibut ion of cosmic dust i n  interplanetary space: 

\I, M, A&e:mndcr, Goddard Space Flight Cexer  
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I n  1964 Mariner R w i l l  again be flown t o  Venus. Mariner B, 

A 
which was original ly  planned for the 1964 Mars mission, i s  now 
scheduled t o  start a t  the time of the 1965 Venus opportunity. 
l i gh te r  version, Mariner C, w i l l  accomplish the 1964 Mars mission. 
Experiments f o r  these have not been selected; they w i l l  be chosen 
from a group that includes those f o r  the 1962 Mariner R and a se t  
tha t  was under consideration for Mariner B. 
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ORBITING BIOLOGICAL OBS~;~VATO~IES 

The orbit ing biological observatories are a ser ies  of b iosa t e l l i t e s  
designed t o  study the biological e f fec ts  of outer space environmental 
factors  which cannot be studied on earth. These factors  are decreased 
by zero gravity, high energy and heavy pa r t i c l e  cosmlc radiation, 
and complete removal from the e f fec ts  of the ear th 's  rotation. 
spacecraft being designed i r i l l  support organisms f o r  1 4  days and 
permit recovery, 
t o  study the  e f fec ts  of decreased or zero gravity, and effects  on 
plant  and animal rhythms upon removal from the earth's rotation. 
The b iosa t e l l i t e s  t ~ t l l  probably be hunched froill PJkR i n  a polar 
c i rcular  o rb i t  a t  an a l t i tu6e  of from 150-250 miles. Qlnc flight 
system TKXLI. include an Atlas D first stage boost vehicle, vhich 

1 i s  an integral 'par t  of the Lockheed re-entry recovery spacecraft. 
Before re-entry the Agem separates f romthe capsulevhich re-enters 
with a parachute and can be recovered by a i r  o r  from the water or  
land. 

The 

The first three b iosa t e l l i t e s  are  designed prjmarily 

The first b iosa t e l l i t e  w i l l  be launched i n  the l a s t  half of 
1964. Spacecraft structure, fabrication and equipment w i l l  be 
procured from Lockheed ILissile and Space Corporation, :'hm.@E!, 

The recovery capsule space available f o r  biological 
experiments and l i f e  support i s  125 ft.3 and the payload weight i s  
capable of meeting a l l  requiremnts and additional future needs. 
Stabi l izat ion is achieved by horizon sensing, and the spacecraft w i l l  
be modified t o  have no greater than 10'5G force during o rb i t a l  f l igh t .  
The l i f e  sul:port system will be a two-gas system of 205b oxygen and 
8O$ nitrogen with a pressure of 14.7 ps i .  (conrpared t o  the  Mercury 
one-gas system of LOO$ oxygen at 5.5 psi . ) .  
system r.rill be tes ted  and x i l l  provide advance data f o r  application 
t o  future  manned space f l i gh t .  
f o r  launch, tracking, recovery, and commica-bion. The USAF trackbig 
system and telemetry rriU be used with the te len ie tq  capabi l i t ies  of 
the Agena D modified f o r  use v i t h  t h i s  .re-entry capsule. 'G~ourid 
tracking command, and a data receiving system f o r  telemetry will 
be uti l ized with both stored and r e a l a t h e  cormrmnicatim. 

9 California. 

This admiiced l i f e  support 

The U W  w i l l  have res:?onsibility 

S m y  experiments have been proposed and submitted by 
e x p e r w n t e r s  i n  universit ies,  industry, and government. 
bioexperiments have been defined, the experimental designs studied, and 
the  volume, weight, and power requirements determined. 
experimental equipment i s  being miniaturized. 
will be submitted t o  the  Space Sciences Steering Cami t tee  f o r  f inal  
selection and assignment of prbority. 
involving radiation will be coQsidered i n  additional planned eccentric 
o rb i t a l  b iosa te l l i t es .  

The 

Some of the  
The bioexperiments 

The f i f t e e n  experbents  

The following l i s t e d  experher-ts and 
experimenters a re  under consideration. Final  selections have not 
yet been made. - 
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MARINER SPACECRAFT 

NAllONAl .LtRONlUlICS AN0 SPACt AOYINlSlRAIION 
l i l  PROPULSION LAIORAlORV 

MARINER SPACECRAFT AND 
LAUNCH VEHICLE SYSTEM 

- AQENA B 

ATUX 8OOSlER 

RAWOMETER REFf 

TEMPERATURE CONTROL SHIELD 

SOUR PUSMA DETECTOR 

PARTICLE ‘FLUX DETECTOR 



ORBITING BIOLOGICAL OBSERVATORIES 

Experiments and Experimenters 

1. Production of microsphere at zero gravity 

S. W. Fox 
Florida State University 

2. Sea-Urchin egg experiment 

R. S. Young 
Ames Research Center 

3. The rate of observations of certain microbiological processes 
in conditions of weightlessness 

G. Welch 
University of California 

4. Alterations of physical chemical phenomena under conditions 
of weightlessness 

A, Rescigno 
University of California 

5 .  Mammalian life and respiration in space environment 

C. A. Tobias 
University of California 

6 .  Growth of a plant during an entire life-cycle 

E. A. Ball 
North Carolina State College 

7. Growth of a plant tissue culture in a gravity-free state 

E, A .  Bal l  
North Carolina S t a t e  College 

8. Behavior and performance study 

J. Brady 
WRAIR 

9. Brain probe study in primates 

W. R. Adey 
UCLA 

10. Squirrel monkey vestibular mechanisms study 

W. Graybiel 
USN, Pensacola, Florida 
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11, Primate hemodynamics and metabolism i n  an orbit ing s a t e l l i t e  

N. Pace 
University of California 

12. Behavior and rqroduct ion of paramecia i n  the weightless s t a t e  

M. L. Eerguson 
Goodyear Aircraft  Corporation 

13. Sub-G ef fec t  on photosynthesis and respiration 

A. Brown and H. Tsuchyia 
University of Minnesota 

14. Sub-G ef fec t  on ce l lu la r  phenomena 

R.  S. Y q  
Ames Research Center 

15. Sub-G ef fec t  on plant growth and tropisms 

R. Sa Young 
Anes Research Center 

16. Hard vacuum ef fec t  on bac ter ia l  spores 

R. S. Young 
Ames Research Center 

17. Sub-G and radiation e f fec t  on hamsters 

L. Musacchia 
St. Louis University 

18. Cell  diffusion 

C.  A. Tobias 
University of California 

19. Capillari ty,  l iqu id  vapor coexistence 

C. A. Tobias 
University of California 

20. Inversion of water beetle egg masses 

C. A. Tobias 
University of California 

21. Inversion of po lar i ty  of frog 

C. Ab, Tobias 
University of California 
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22. Effect of radiation and gravity-free environment in space on 
cell division and growth 

H. Krause 
University of Maryland 

23, Effect of zero gravity and radiation on growth of tissues 
in vitro . 

B. Edwards and S. W. Gray 
Emory University 

24. The effect of weightlessness on growth of the wheat coleptile 

B. Edwards and S. W. Gray 
Emory University 

25. Effects of orbital flight environment on metabolism of 
daphaia pulex 

F. Taub 
University of Washington 

26. Space flight survival of tilapia mossambica 

F. Taub 
University of Washington 

27. The effects of weightlessness on deoxyribonucleic acid (DNA) 
phenomena 

Spacelabs, Incorporated 

28. Collection of airborne spores in near and outer space 

R. W. Price 
G. E. Company 

29. Nutrition and growth in pelomyxa carlinensis during weightlessness 

R. W, Price and D. Ekberg 
G. E. Company 

30. The effect of weightlessness on the rhythmicity of photosyiithesis 
and bioluminescence in dinoflagellates grown in liquid media 

R. W. Price and R. Lawton 
G. E. Company 

31. Effect of zero G on the active transport of ions and/or molecules 
across active membrane 

J. J. Konikoff 
G. E. Company 
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32. Effect of zero G on the r,ie-Labolism of non-gi-cving culture of 
motile micro - organism 

J. 5. Konilroff 
Q, E. Cor.qx,ny 

33. Effect of zero G on the metabolism of actively grov i rg  culture 
of rnotile micro-organisms 

3 .  J. Konikoff 
G. E. Company 

34. Effect of zero G on the f e r t i l i z a t i o n  and embryonic development 
of frog eggs 2 

J. J. Konilroff 
G. E. Company 

35. Perception and selection of gravity 

E. BeUevlSle 
I%%, 8eadquarters 

36. Body t e q e r a t u r e  of small mammal (bat i n  hibernation) 

M. Nenaker 
Harvard University 

37. Drosophila - emergence rhythm 

A. Pittendrigh 
Princeton 

38. Endogeny VB. exogeny of biological rhythms i n  plants  (diurnal 
fluctuatton i n  magnetic f i e l d s )  

H. Finn 
North American 

39. Rhythmicity study rslth mice 

F. Halberg 
University of Minnesota 

40. Evaluation of dosimeters used f o r  physical measurements of 
space radiation 

L. T. Odland 
ATSWC, K M l a n l l  AFB 

'41. Depth dosemasurements of ionizing radiation i n  orb$€lng 
tissue equivalent m e i n  

Ti. T. Odland 
AFSWC, K i r t l a n d  AFB 
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42. Nuclear emulsion experiments on recoverable bioscience capsules 

D. E. Guss 
Goddard Space Fl ight  Center 

43. LOW energy electron proton equipment 

J .  B. Trice 
G .  E. Company 

44. Van Allen and so lar  flare proton spectrum (distinguish against  
electrons and obtain spectra and intensi ty)  

J. B. Trice 
G.  E. Company 

45. Biochemistry and biophysical 

R .  D. Eng le r t  
Stanford Research Ins t i t u t e  

46. Chromosomal aberration i n  Chinese hamster and/or experimental 
p r  irna-be 

M. Bender 
Oak Ridge National Laboratory 

47. Chromosomal aberration6 i n  human somatic c e l l s  

M. Bender 
Oak Ridge National Laboratory 

48. Comparison of mutagenic effectiveness of equal- rad doses of 
penetrating Van Allen radiation with COa gamrna rays 

A. Aparrow and D. Shaver 
Brookhaven Laboratory 

"3.  Studies of insect egEl;s exposed i n  recoverable satel l iLes tha t  
o rb i t  through the V a n  Allen Radiation B e l t  

W .  N. Sullivan, G .  B. Craig and C. N. Smi-th 
University of Notre Dame 

50. The somatic or  genetic damage or  change i n  silkworm and t i c k  
eggs exposed i n  satell i tes 

W. N. Sullivan 
ARS,  VSDA 

51. Effects of radiation as imposed by b iosa t e l l i t e  on tobacco 
masaic virus 

M, Gordon 
University of Yashington 
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52. Biological dosimetry of space radiation 

T. S o  Mobley 
AFSWC, Kirtland AFB 

53. Use of optimal biological dosimeters i n  retrievable space vehicles 

R. G. Lindberg 
Northrop Space Laboratory 

54. Radiation effects  on a genetically-stable material (barley seeds) 

A. Eugster 
University of Bern 
University of Zurich 

55. Mutagenic effectiveness of known doses of gamma i r radiat ion i n  
combination with zero gravity 

J. deSerres 
Oak Ridge National Laboratory 

56. Neurospora back-mutation experiment 

A. G. DeBusk 
Florida State University 

57. Neurospora "balanced le thal"  experiment 

A. G. DeBusk 
F l o ~ d d a  State University 

58. Neurospora f orward-mtation experhent 

A. G. DeBusk 
Flortda State University 

59. Back-mutation clone sensing system 

A. G. DeBusk 
Florida State University 

60. Effect of space environment on development and metabolism of 
tribolium confuswp, the f lour  beetle 

J. V, Slater  
University of California 
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UNNERSITY PROGRAMS 

. 

Since i ts  establishment, NASA has supported substant ia l  numbers 
of basic and applied research projects by grants and contracts. 
This existing support, called sponsored research, is  chiefly project- 
oriented and related t o  specific problems such as space flight 
probes, s a t e l l i t e s  o r  deep space experiments. While t h i s  research 
often encompasses fundamental research ac t iv i t ies ,  i t s  project 
orientation does not a t tack a l l  the areas of fundamental research 
which are  required t o  support a rapidly expanding space program. 
With the Presidential  decision t o  expand and accelerate this  effor t ,  
it became immediately apparent that sponsored research alone could 
by no means u t i l i z e  f'ully the a b i l i t y  of our univers i t ies  t o  help 
preserve and advance the role  of the United States  as a world leader 
i n  aeronautical and space science and technology. 

Accordingly the Sustaining University Program was i n i t i a t e d  i n  
January 1962 t o  increase significantly university par t ic ipat ion i n  space 
science and engineering and t o  augment and complement sponsored 
research a c t i v i t i e s  by: 

TRAINITG GRANTS - which tlncrease the Future supply of sc i en t i s t s  
and engineers required i n  space-related sdience and technology. 

FACILITIES GRANTS - which help univers i t ies  provide f a c i l i t i e s  
urgently needed f o r  space research. 

RESEARCH GRANTS - which strengthen univers i t ies  as  a whole and 
enable them t o  increase t h e i r  role  i n  support of' NASA's program 
through encouragement of creative multidisciplirlary investigations, 
development of new capabi l i t ies ,  consolidation of ac t iv i t i e s ,  
and s tab i l iza t ion  of f'unding. 

The t ra ining grants w5U increase the supply of s c i en t i s t s  and 
engineers i n  space-related science and technology. 
estimated that by 1970 one-fourth of the nation's t ra ined sc i en t i f i c  
and engineering manpower w i l l  be engaged i n  space ac t iv i t i e s .  To help 
meet t h i s  demand, we have as a goal the support of ahout 4000 graduate 
students per year i n  100-150 qual i f ied universit ies,  yielding an annual 
output of about 1000. 
univers i t ies  will be i n  a posit ion t o  make a significant contribution 
t o  the space e f f o r t ' s  manpower needs. 

I:t has been 

With t h i s  magnitude of pertic:tpation, the 

Ten univers i t ies  have been awarded t ra ining grants f o r  the 
support of pre-doctoral graduate students i n  appropr:late areas of 
space-related science and engineering. 
w i l l  t r a i n  10 students during the first year. The grants a re  
renewable each year f o r  a t o t a l  of three years  so long a s  the 
students maintain the qual i ty  of work sat isfactory t o  the university. 
The universi t ies  selected fo r  i n i t i a l  par t ic ipat ion were: Rensselaer 
Polytechnic Ins t i tu te ,  Troy, New York; University of Maryland, College 
Park, Maryland; 

Each of the universities 

Georgia Ins t i t u t e  of Technology, Atlanta, Georgia; 

-32- 



University of Michigan, Ann Arbor, Mfchigan; University of Chicago, 
Chicago, I l l i no i s ;  University of Minnesota, Minneapolis, Minnesota; 
State  University of Iowa, Iowa City, Iowa; Texas A. and M. College, 
College Station, Texas; Rice University, Houston, Texas; and the 
University of California at  Los Angeles. This program i s  designed 
t o  meet the future demands f o r  sc ien t i f ic  and technical personnel 
and i s  expected t o  increase considerably i n  the future i n  order t o  
keep pace with the rapid expansion of the national space program. 

Although the f irst  t ra inees  under t h i s  program have jus t  entered 
school th i s  fall,  the response t o  t h i s  program by the univers i t ies  
has been gratifying. 
each of 10 universit ies,  
larger  number of universit ies during FY 1963, t o  permit the entrance 
of an additional 600 t o  750 .students i n  t h i s  program during the next 
academic year. 

The i n i t i a l  program involved 10 t ra inees  a t  
Plans are  t o  make grants t o  a substantially 

Five univers i t ies  have been awarded grants fo r  the  construction 
of research f a c i l i t i e s .  
by NASA, are t o  provlde research f a c i l i t i e s  t o  house research a c t i v i t i e s  
i n  space-related science and technology a t  universit ies which 
are  making substantial  contributions t o  the  national space program. 
The first of these f a c i l i t i e s  w i l l  begin t o  become operational i n  
1964 a t  the earliest. It is  anticipated tha t  it w i l l  be necessary 
t o  work with a t o t a l  of some 60-75 universi t ies  i n  t h i s  manner. 
recipients wem the  Univx?rsiDy of Chicago, University of California 
a t  Berkeley; Rensselaer PoJybechnic Ins t i tu te ,  Tray, New York; 
St&e l3hi'vWrfS~ of I tklap h €S3!&,Iowa; and Stanford University, 
Stanford, California. 

These grants, first of t h e i r  kind awarded 

The 

Research grants under the Sustaining University Program are  
issued t o  enable univers i t ies  t o  develop and increase their  capabi l i t ies  
t o  support the growing demands of the national space e f fo r t .  
grants are  used t o  support broad multidisciplinary research programs, 
promote the consolidation of re la ted projects, and encourage new 
research t o  f i l l  existing research gaps. Grants are  a lso provided 
t o  i n i t i a t e  and encourage the establishment of research programs within 
currently competent but non-participating groups and ins t i tu t ions .  
During each of the next f e w  years, several large research programs w i l l  
be supported, t en  t o  f i f t e e n  research grants w i l l  be provided t o  augment 
existing effor ts ,  and 20 t o  30 new univers i t ies  w i l l  receive i n i t i a l  
grants . 

Such 

Total NASA support of a c t i v i t i e s  i n  the universit ies has 
approximately doubled each year since NASA was organized. 
F isca l  Year 1962 some $40 million were committed f o r  these a c t i v i t i e s .  
O f  th is  $40 million, $2 million were u t i l i zed  t o  i n i t i a t e  the t ra ining 
grant program; 
grant program; and some $3-l/2 million were u t i l i zed  f o r  the special  
purpose research grants. 
sponsored research. 

During 

$6-1/2 million were used t o  i n i t i a t e  the f a c i l i t i e s  

The r e s t  of the funds supported project type 
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During Fiscal  Year 1963 the training grant progrm is expected t o  
increase greatly and $15 million has tentatively been allocated fo r  
t h i s  purpose; $10 million has been allocated f o r  the support of research 
f a c i l i t i e s ;  approximately $5 million w i l l  be committed t o  the special 
purpose research grant act ivi ty .  Based on past experience, it i s  
anticipated tha t  an additional $40 t o  $70 million wiLL come out of 
our program offices f o r  the support of project type research i n  the 
universit ies.  Thus it is expected tha t  the university involvement i n  
NASA ac t iv i t i e s  during the current f i s c a l  year wi l l  be more than double 
that of FY 1962. It is  extremely d i f f i cu l t  t o  predict the leve l  a t  
which t h i s  ac t iv i ty  might ultimately s tabi l ize .  Obviously, it w i l l  not 
double each year. However, it is probable that it will at l eas t  double 
again following t h i s  year's program before the program will stabi l ize .  
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NASA's sc ien t i f ic  a c t i v i t i e s  afford considerable help t o  mLlitary 
programs i n  missile and space operations, i n  that  NASA col lects  data 
which the Department of Defense would otherwise have t o  acquire i t s e l f .  
This information i s  f ree ly  available t o  the Department of Defense. 

ExpJorers XIN and XV - Subsequent t o  the discovery tha t  the 
July 9 atomic blast had created a new a r t i f i c i a l  radiation be l t  
a t  a l t i tudes  lower than the  natural  bel ts ,  NASA launched these two 
s a t e l l i t e s  t o  study the new radiation be l t s .  
psurposes - t o  study the bel ts ,  and t o  obtain t h e i r  relationships t o  
the  or iginal  b b s t  as a sc ien t i f ic  phenornenon. 
v i 3 1  show the effects  of nuclear cxplosions on ,he raais t ion belts, m d  
L~3s.;''tly isill a i d  in guj-din; ftLGut'c s l u d : ~ .  in i,hL 1,,:1 Ltary pro'olcids 
L2 LL;? ci'cat ion of ai*Li;ic i~ ,1  r*af i :~ i  J O ~  b : l t ~  i c r  &Tin; i\ i? ~ U I ' P G C C S  
a d  :n Lhroiring l i gh t  on thc envil*crmenZ. o? iaj.l-itary miss_i l c s  2nd 
tpacecraX i n  the irzk of a nucjezr e::plo;isn. 
aid ;N carr ied experiiaents to dsbcss ;lie dai , ia~c Lo SOLL?I- c , ? l l s  i n  ihc 
: p e e  environment. 

The f l i gh t s  served two 

The information Gained 

CoLh  2 q ; ' L G m i - s  X I V  

EASA kunched the Canadian s a t e l l i t e ,  Alouette, which i s  making 
a careful study of the ionosphere from above, A l l  information regarding 
the Ionosphere w i l l  'ce of assistance t o  m i l i n r y  conmunications programs 
bescd on radio and radar. 

IL'IISA made water releases i n  thc upper a tmsphcrc froili soundin: 
i.ocl:cts and frcin t e s t  fl-ights cr the  Sa tu rn  launch vehicle. 
i n fo rm. t jon  Trill be pei*tiriem t~ i l i l i t a ry  propcons LC15ch njght involve 
the  r e l . ~ ~ ~ e  oi foreign rrslt,t,er i n t o  the  u p p r  atmosphere. 

The 

?'be soundin2 r*ocket propom con t-i nued t o  explore tht? de t a i l s  of 
thc iGnosphere. 
i n  radio and radar. 

'411 Yesults IJ-U be d i r ec t ly  applicable t o  comunications 

The information gained from the Orbiting Solar Observatory, OS0 I, 
with respect t o  solar f l a r e s  and t h e i r  relationship t o  the solar  winds 
and t o  the energetic solar  protons ejected during a f l a r e  w i l l  be of 
direct  use t o  an organization tha t  launches spacecraft e i the r  manned 
o r  unmanned and t o  communications. Experiments of d i rec t  u t i l i t y  t o  
spacecraft carr ied on OS0 I included an experiment for the  detection 
of dust par t ic les  and an experiment f o r  studying the behavior i n  the 
space environment of temperature control surfaces t o  be used on 
s a t e l l i t e s .  
t o  t ry  t o  predict  the occurrence of solar  f l a r e s .  

Information of the type gathered by OS0 I w i l l  be used 
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' I" 

ASSISWCE TO OTHER PROGRAMS 

. 

The NASA space science program i s  providing ixRmna-tion which i s  
beneficial  t o  other programs. Perhaps; the most irmne&iate returns 
w i l l  be i n  the area of manned space f l i gh t .  The hna: r  program resu l t s  
w i l l  be extremely important t o  the Office of Manned Space Flight.  
The data on cislunar and Lunar environment, lunar constants, surface, 
mapping, and reconnaissance a l l  help t o  determime the design of Apollo 
vehicle shielding, landing gear, landing s t t e s  selection, and will 
be factors i n  other areas of f i n a l  system desigs,. By proviung data 
on the environment i n  space, the Geophysics and Astrortomy Programs 
w i l l  contribute t o  the design of the Apollo spacecraft. 
of solar  f l a r e  phenomena w i l l  help decrease the radiation hazard t o  
Apollo. 
Office of Applications t o  design communication sateElLtes. 
gathered on the  ionosphere w i l l  provide valuable information fo r  
conventional commmicat ion systems. 

The understanding 

Informat%on on the radiation environment w i l l  be used by the 
The data 

Other data gathered on the environment of near-earth space will 
be useful t o  and aid i n  the development of meteorological s a t e l l i t e s .  
Results i n  the bioscience area w i l l  assist i n  the m n s e  task of 
putting man in to  space adequately protected from the peculiar hazards 
i n  space, and adequately sustained by a sudtable environment. 
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SATEXLITE APPLICATZONS 

Communications Sa te l l i t e s  

A. Passive sateuites 

1, General, ECHO I experience and the f a c t  t ha t  the 
s a t e l l i t e  i s  s t i l l  i n  o rb i t  rendering useful data, although it 
i s  now dis tor ted i n  shape, has dictated a contimation of the 
passive satellite program. The next phase is already under way. 
The first step c a l l s  f o r  the  development and f l i g h t  t e s t  of a 
larger,  r i g i d  spherical  s a t e l l i t e  which w i l l  exhibit long l i f e .  
Because rather  large numbers of s a t e l l i t e s  are  required f o r  
operational systems, economic considerations make it necessary 
tha t  more than a single s a t e l l i t e  be placed in to  orbi t  with a 
single launch vehiicle, The second step, therefore, calls f o r  
the development and flight test  of a multigle s a t e l l i t e  launching 
from a single spacecraft. 

2* Rigidizedsphere. The sphere, 135 f e e t  i n  diameter, 
w i l l  weigh approxiinately 500 pounds, and w i l l  be constructed of 
a laminate of two layers of aluminum f o i l  0,0002 of an inch thick 
on e i the r  side of a O.OOQ35 of an inch thick shzet of Mylar. This 
construction will provide a resistance t o  buckling of a factor  of 
20 more than the  ECHO I construction. "he sphere w i l l  be inf la ted  
by sublimating materials t o  a pressure which w i l l  stress the skin 
ju s t  beyond the y ie ld  point of the aluminum. When t h i s  i s  done, 
a l l  "memory" of the sphere's previously folded condition will be 
erased, and it should not wrinkle even a f t e r  the inf la t ing  gas 
has escaped. This rigidized sphere represents a significant step 
toward providing a long-lived, erectable, space structure.  

This sphere will be launched from PMR in to  a highly 
inclined, c i rcu lar  o rb i t  of 650 nom. a l t i t ude  i n  the 1st quarter 
of 1963 by a mor-Agena B vehicle. 
two b a l l i s t i c  firings with Thor vehicles were made a t  AMR t o  t e s t  
the eject ion and inf la t ion  mechanisms. 
burst on inf la t ion ,  The second was successfully, though not com- 
pletely,  in f la ted  i n  f l i g h t ,  

During the course of development 

On the first the balloon 

3. Advanced Passive S a t e l l i t e  Development. - 
Investigations are  underway directed towards the 

development of re f lec t ive  space structures which provide more gain 
than spheres. 
include a woven w i r e  mesh with a photolyzable material  and a w i r e  
mesh tha t  is expanded into a desired shape by a method other than 
pressure inf la t ion ,  The investigations a l so  include studies aimed 
towards the development of improved and l igh%er materials f o r  spheres. 
TITO such poss ib i l i t i e s  now being looked in to  a re  the so-called etched 
sphere and the expanded mesh sphere. Developmext of single spacecraft 
capable of inject ing multiple passive s a t e l l i t e s  into o rb i t  i s  under study. 

Some of the  s t ructures  currently under consideration 
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B. Active satelliCves 

1. Project Relay. NASA i s  developing a lowa l t i t ude  act ive 

The spacecraft, being b u i l t  by RCA rulder NASA contract, 
satellite capable cf trarismitting te levis ion signals across large 
distances. 
will weigh about 170 pounds, and w i l l  contain twcl complete communications 
transponders, and a solar c e l l  lif2 t e s t  p21s an Ftnviromental radiation 
measurement system. 

The power supply w i l l  consist of solar  c e l l s  and a storage 
battery.  Solid s t a t e  ( i .e. , t raneishjrs  and diodes) components a re  
being used throughout f3r the electronics of the system, except f o r  
the f i n a l  output s5age of the  cormrmnicati3ns trmsxft-krs. 
necessarily be a vacuum tube today because there are  no t rans is tors  
capable of the power (10 watts) i n  the required frequency range. A 
t ravel ing wave tube (TWT) i s  being developed by R2A far t h i s  purpose. 
Tubes of t h i s  type show promise toward supplying the long l i f e  and 
wide band character is t ics  required f o r  t h i s  application. With an 
omnidirectional antenna 0x1 t’ie s a t e l l i t e  and 85-:‘ 
and parametric amplifiers on the ground, t h i s  s a t e l l i t e  should be 
capable of relaying radio signals of te levis ion banclwidth between 
s ta t ions each 5,000 miles f romthe  s a t e l l i t e .  
from ground t o  s a t e l l i t e  a t  1725 Mc/s and from s a t e l l i t e  t o  ground 
a t  11170 MC/S. 

This must 

a p r t u r e  antennas 

Transmission w i l l  be 

O f  most concern t o  the development of l ~ w  a l t i t ude  act ive 
s a t e l l i t e s  is  the l i f e  of the sa te l s t te ,  and therefore the e f fec t  
of the space environment on the components cf the s a t e l l i t e  system. 
It i s  known tha t  the radiation existent i n  the Van Allen b e l t s  and 
i n  other regions of space w i t h  solar disturbances can a f fec t  the l i f e  
of so l id  s t a t e  components. 
t h i s  radiation but not against olhers. It is, t3erefore, important 
that a radiation experiment be ear-ied out ir_ conjw-ction writh Project 
Relay to:  
of the communications systeE; rncas-as t h e  efike-5; GI” this radiation 
on selected types of advanced s a l s r  c d i s  1dt3 c?ifPei-erit lrsrels of 
shielding, and t o  measure -tE?t? effects 05 t3is rz4latLo:- experienced 
by the s a t e l l i t e  during 5 t s  !-ire Bot’; the! K!- X-’;:IXL a?i? pm5-n 
densi t ies  nust be measured t o  f v U y  unders5an3. t h e  &‘Pa:t of each 
type of par t ic le .  

It i s  paxsib3.e t o  shield against some of 

ideasure the effect  of Ycis radiation orr t.ariov.s compments 

Ground Stations f c ) r  %eject, ReLay will, be t’ze 3,500 
sq. f t .  apertru‘e horn an5eiina of A!W2 a t  k:~&-z~r, Mabe, ana the 
110 f t .  diaxeter parabolaid of ILY a t  IYutl?ry, Ne:r C,?--;ey 
fomer w i l l  be used f o r  2-way wise bad. corn-rzizatlms ?d th  
s ta t ions  being provided by Bri ta in  m a  France. 
be used f o r  2-sray narrow band transrnission be5meri B;I.i;ain, France, 
and Brazil. 
of receiving i.1 the narrcnf band. 
a l so  be able t o  receive in the wide band. 

‘EX? 

Zie 1at’;er w i l l  

West Germany and I t a & -  v i l l  jyovi4e statiom capable 
1 J e ~ t  G w n m y ’ s  sta+;3? w i l l  

The firs* Relay s a t 4 X 5 e  i s  schedded fdr laumh from 
AI43 by a Thor-Delta velnicle iz the foilrth qmrt5r cf’ 1962. 
orb i t  intended i s  elliptica’, with an aQoge.-. ?xi&% cf 450:) n.m. and 
perigee height of 700 n.m, 

The 





2. Project Telstar (AT&T) 

As par t  of the e f for t  t o  accelerate the development of 
comiunications s a t e l l i t e  system, NASA has entered into a cooperative 
agreement with and launched for the Anerican Telephone & Telegraph 
Coi.q>any, TELSTKR, an exqerimental s a t e l l i t e  desigied- by the Eel1 
Telq~hone Laboratories. 

The objective of Project Telstar i s  t o  investigate i n  
o rb i t a l  f l ight the technological and operational p r o b k m  of transmission 
of vide band communications by means of an active a r t i f i c i a l  ear th  
s a t e l l i t e .  
communicating via  the s a t e l l i t e .  
s a t e l l i t e  is  a t  6390 Mc/s and from the satell i te t o  the ground at  
4170 Mc/s. 

The t e s t  consists of placing a s a t e l l i t e  into orb i t  and 
Transmission from the ground t o  the 

The project includes one launch i n  calendar year 1962. 
Plans f o r  a second launch i n  the second quarter of 1963 are  now 
under study. 

The prime objective of the first experiment i s  t o  measure 
a l l  transmission character is t ics  under conditions of o rb i t a l  operation 
and t o  check the  performance of f a c i l i t i e s  newly developed f o r  
acquisition, s a t e l l i t e  tracking, and ground antenna pointing under 
actual  operating conditions. 

A second objective i s  t o  gather information about the 
space environment with par t icu lar  a t ten t ion  t o  conditions affect ing 
performance over long periods of time. For t h i s  purpose the spacecraft 
car r ies  equipment t o  measure pa r t i c l e  radiation flux and the cumulative 
e f fec t  of radiation damage t o  semiconductor devices, as well as sensors 
f o r  measuring temperature and component performance. 

The project i s  being carr ied out j o in t ly  by NASA and 
Bell  Telephone Laboratories, Incorporated (BTL) with NASA responsible 
f o r  providing the launch vehicle arid arranging f o r  the launching of 
the spacecraft, and with BTL responsible f o r  providing the  spacecraft 
and ground s ta t ion  f a c i l i t i e s  and carrying out t he  post-launch 
experiments. BTL pays the cost f o r  i t s  own a c t i v i t i e s  and reimburses 
the United States  Government f o r  expenses incurred. 

The NASA Goddard Space Fl ight  Center provided Delta vehicle 
management and launch support and, i n  addition, provided Minitrack 
tracking and telemetry information f o r  a period of two months a f t e r  launch. 

3. Project Syncom. 

Realizing t h a t  the  24-hour s ta t ionary s a t e l l i t e  of f u l l  
capabi l i ty  i s  s t i l l  several years away, and that experience a t  these 
a l t i tudes  i s  desirable, NASA is  planning t o  test  a light-weight, 
limited-capability commwlications s a t e l l i t e  with a t t i t ude  s tab i l iza t ion  
and period control, capable of being launched in to  a 24-hour inclined 
o rb i t  with the Thor-Delta launch vehicle and an additional smcecraf t  
propulsion uni t .  
approximately 145 pounds. 
a few telephone conversations o r  several teletype messages. 

The spacecraft with propulsion rocket will weigh 
The act ive repeater w i l l  be capable of relaying 
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The Hughes Aircraft  Company has been awarded the contract 
fo r  developing the spacecraft and associated ground command and control 
equipment, 
(60 f t ,  dishes a t  Fort Dix ,  N . J e o  and Camp Roberts, California) and i n  
addition, w i l l  provide two transportable ground s ta t ions and a ship 
with 30 f t  . antennas. 
s a t  e l l i t  e and 2000 Mc/s sat e l l i t  e-t o -ground. 
power w i l l  be 20 kw, and 2 watts w i l l  be radiated from the s a t e l l i t e .  

The Department of Defense w i l l  man ground s ta t ions 

Frequencies w i l l  be 8000 Mc/s ground-to- 
Ground transmitter 

The f i r s t  launch is  scheduled f o r  the 1st quarter 1963 
from AMR. 

Meteorological Sa te l l i t e s  

A. Tiros - 
The six consecutive successful launches of the Tiros ser ies  

(I, launched April  1, 1960; XI,. launched November 23, 1960; III, launched 
July 12, 1961; IV, launched February 18, 1962; V, launched June 1gU 1962; 
V I ,  launched September 18, 1962) have demonstrated tha t  meteorological 
s a t e l l i t e s  could be developed around such sensors as TV cameras and 
radiation detectors and transmit meteorologically useful data t o  the  
ground with sat isfactory fideli ty.  

have transmitted 185,124 TV pictures (of which over 7@ were of 
meteorological significance ) from which approximately 3000 
nephanalyses have been prepared. I n  addition many s a t e l l i t e  storm 
advisories have been issued and storm systems have been tracked. 
For example, during the  month of September 1962 Tiros photographed 
t rop ica l  storms Becky, Celia, and Claudia, Typhoon Amy, and Hurricane 
Aznaa. 

I n  all, the six Tiros satellites, as of November 7, 1962, 

Tiros IV, as the previous three sa t e l l i t e s ,  included TV 
cameras and infra-red detectors i n  i ts  experimental equipment, 
It was launched i n  a 48 degree inclined orb i t  and provided effect ive 
ice  reconnaissance data. I n  addition, Tiros IV provided last minute 
observations i n  support of Mercury, Ranger, and Antarctic Resupply, 
and Jo in t  Task Force 8, 

The launches of Tiros V and V I  were timed so as t o  provide 

Both were launched i n  an o rb i t  inclined 58 degrees t o  the 
the maximum coverage i n  the  northern hemisphere during the hurricane 
season. 
equator and both were launched without the I R  sensors. 

The accomplishments of Tiros have been many, however, only 
a few w i l l  be mentioned here. Tiros has demonstrated the a b i l i t y  t o  
ident i fy  and t rack sea ice by use of s a t e l l i t e  data; Tiros has shown 
the potent ia l  f o r  using infra-red data f o r  nighttime cloud observations; 
Tiros has demonstrated that the organization of cloud pat terns  is 
far greater than anticipated, par t icu lar ly  the s p i r a l  banding observed 
i n  storms; Tiros noted a previously unknown convective pat tern which is  
now frequently observed over ocean areasI 

Additional Tiros satellites are scheduled t o  be launched 
during the  first and second quarters of 1963. 
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B. Nimbus 

Nimbus, the more advanced successor t o  Tiros, wil l  be a 
ser ies  of meteorological s a t e l l i t e s  with many common components 
(data storage, controls, or ientat  ion, stabil ization, power supply, 
structure, e t c  . ) and a f lex ib le  capabili ty f o r  improving old and 
introducing new sensory systems, as required. 

The first Nimbus i s  scheduled t o  be launched i n  the t h i r d  
quarter of 1963, with subsequent launches at  intervals  of six months 
t o  a year. Being earth-stabilized, i t s  cameras and other atmospheric 
sensors will always face the earth,  Moreover, i t s  quasi-polar 
(800 retrograde) orb i t  w i l l  cause it t o  view each area of the ear th  
twice a day, a t  about ImElve-hour intervals  i n i t i a l l y  near noon and 
midnight. 

The first Nimbus i s  expected t o  weigh about 700 pounds 
and be a 500 naut ical  mile c i rcular  orbi t .  Sensors will include 
improved vidicon cameras of increased coverage and resolution, 
and a be t t e r  radiation sensory package, Later Nimbus spacecraft 
a re  expected t o  be of greater weight, t o  be placed i n  higher a l t i t ude  
orbits,  and t o  carry new types of sensors such as image-orthicon 
cameras t o  obtain night cloud cover, a radiation spectrometer, 
e lec t ros ta t ic  tape cameras, s fe r ics  sensors, and possibly radar. 

Under present plans, the  f irst  R&D Nimbus wi l l  a l so  serve as 
the f irst  spacecraf't under the National Operational Meteorological 
S a t e l l i t e  System with i t s  data being sent, i n  r e a l  time, from the data 
acquisit ion s ta t ion  now being completed i n  Fairbanks, Alaska, t o  the  
National Meteorological Center, There they will be analyzed and the  
resul t ing weather information dis t r ibuted t o  c iv i l i an  (domestic and 
foreign) and military weather services and s ta t ions.  
spacecraft w i l l  serve similar dual roles;  interleaved with them w i l l  
be t r u l y  operational meteorological s a t e l l i t e s  based on the r e su l t s  
of the Nimbus RSJ) program vhich, from its earliest conception, has 
been planned t o  serve as the basis f o r  the f i rs t  operational meteorological 
s a t e l l i t e  system. 

Later Nimbus 

Nimbus was designed by personnel of NASA's Goddard Space 
Fl ight  Center. 
t h i s  Center, the many subsystems and the integration and environmental 
t es t ing  of the spacecsdft as a whole have been contracted out t o  industry. 
General Electr ic  (PEW) holds the in t e  ra t ion  and t e s t  contract and the  
controls subsystem contract; RCA (AEF 7 the power subsystem and the TV 
camera subsystem contracts. 
major subsystems are  undergoi.ng prototype f l i g h t  tes t ing.  Spacecraft 
prototype and f l i g h t  model t es t ing  a re  scheduled for l a t e  in  1962 and 
during 1963 with first launch scheduled i n  the l a t e r  half of t ha t  year. 

On the basis of technical speclfications prepared by 

A t  the present stage of development, 





Ihtroduct ion 

The following summarizes the capabi l i t ies  of NASA launching 
vehicles for space research aril cxploratZon. 
into t w o  general categorrles. 

The vehlclefi l”uU 

1. -ding rockets 

Sounding Rockets 

Description: A fanily of seven sounding rockets i s  used i n  the 
geophysical sounlung program. 
that can be launched a t  precise times from several s i t e s .  
are  being launched each year from Wallups Island, Fort Churchill, 
and A u s t r a l i a .  

These are r e l a t i v d y  simple rockets 
About 60 

The types of programs i n  which these rockets are being used 
show a strong dependency of objectives o r  requirements of subsequent ‘ 
firings on the findings of the i n i t i a l  f i r i ngs  i n  a given family of 
observations. Consequently, specific long-range f i r i n g  schedules 
are not prac+,ical f o r  sound3ng rockets. Based on projected research 
program planning, a suff ic ient  Tlumber of each rocket type is ordered 
t o  s a t i s f y  the various program needs foreseen. 

!Qpical sounding rockets now u t i l i zed  are l i s t e d  i n  the fo l lowhg 
table  with t h e i r  nominal costs and capabi l i t ies :  

cost Capability - 
(Thousltnds Altitude Payload wt.  

Vehicle of Dollars)  ( a e s )  (pcur,ds) 

Aerobee 100 20 65 70 

Nike-Apache 10 150 50 

Aerobee PjO, l5OA 30 1-50 150 

Aerobee 300 38 230 50 

Nlke-Cs. jure 10 100 50 



I -  

The Scout i s  used as a sounfing rocket as w e l l  as a satell i te 
booster. I t s  description and capabi l i t ies  are included 5.n the  section 
on Sa te l l i t e  and Space Probe Vehicles. 

Sa t e l l i t e  and Space Probe Vehicles 

The objectives of the Unmanned Launch Vehicle P r o p u n  are t o  provide 
vehicles with the  capabili ty t o  perform re l iab ly  and economically the 
unmanned orbital ,  lunar, planetary, and interplanetary missions. 
Sa te l l i t e  and space probe vehicles currently am-ilable i n  the program 
are Scout, Delta, Thor-Agena, Atlas-Agcna, Atlas-Centaur, and Saturn. 

The plan f o r  Launch Vehicles t o  meet unmanned satel3Lite and space 
probe mission requirements considers the following: 

kission 

Orbital 
Lunar 
Planetary 

Spacecraft 
VeTght Range 

150 t o  20,000' l b s  . 
750 t o  9,000 
400 t o  15,000 

Weight ranges when considered from a Launch Vehicle point of view 
'can be categorized in to  three groups: Small, medium, and large. The 
range of payload capabili ty by vehicle c lass  is: 

SlIBU - Mission Medium Large 

Scout, Delta Thor-Agena Saturn C-lB 
Atlas-Agena 
Atlas-Centaur Saturn C-5 

( 2  & 3 stages) & 

Earth Orbital  150-700 lbs. 5,000 t o  10,000 Tbs. > 20,OOO~'lbs. 

Escape 50 lbs. 750 t o  2,500 lbs. > 8,000 lbs. 

Planetary 0 400 t o  1,500 lbs. > 4,000 lbs. 

A description of each launch vehicle, along with its. capabi l i t ies  
i s  provided i n  the following paragraphs: 

SCOUT 

Description: Scout i s  the  smallest of the launch vehicle family. 
A l l  of i ts  four stages use so l id  rockets. 
sitnpli.city,'the Scout can be launched from re la t ive ly  inexpensive 
instal la t ions.  
var ie ty  of sc ien t i f ic  payloads such as high velocity probes, reentry models 
and sa t e l l i t e s .  
programer and 3-axis s tabi l izat ion f o r  a l l  except the spin-stabilized 
fourth stage. Chance-Vought, Dallas, Texas, i s  the vehlcle prime contractor 
and i s  responsible for a l l  vehicle items except the  motclrs. The motors 
'are obtained from Aerojet, Sacranento, California; Thiokol, Huntsville, 
'Alabama; and the U e g a n y  Bal l i s t ics  Laboratory, Cumberland, Maryland. 

Because of i t s  re la t ive  

It is  a low-cost vehicle which can be used for a large 

I ts  guidance and control system incorporates a d i g i t a l  
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Mission Capabilitx: The present Scout i s  capable of placing 220 
pounds i n  a 300 n.m. easter ly  orbit .  
xill be increased t o  250 pounds. 

By next yeas t h i s  capabili ty 

Schedule: Star t ing with the f i r s t  f l i g h t  on July 1, 1960, eight 
developmental. and f ive  operational vehicles have been flown t o  date. 
The success rate resul t ing has been s l igh t ly  over 5%. 
Scout program has been established between NASA and DOD. 
vehicles are being procured through CY 1963 t o  f 'ulfi l l  present NASA 

A w e l l  integrated 
Thirty 

and DOD requirements. I n  addition, a f u l l y  integrated l o  i s t i c  support 
system f o r  the two  Scout launch s i t e s  (Wallops Island AIR 
est.ablished by NASA with jo in t  funding. 

DELTA 

Description: The Delta i s  a three-stage vehicle, i n  which the 
f irst  stage consists of a production Thor with the nose cone and guidance 
renioved. The second stage i s  a niodif'ied version of the Vanguard 
second stage. 
stage t o  provide velocity and a t t i tude  control. 
a t t i tude  control which affords much higher orb i t s  with Delta than with 
previous vehicles since a prescribed vehicle a t t i tude  can be maintained 
up t o  2000 seconds a f t e r  second-stage bumout. 
.propellant rocket motor i s  used as  the Delta t h i r d  stage. 
ign i t ion , , th i s  stage i s  spun up t o  150 r p m  t o  obtain spin s t a b i l i t y  a f t e r  
separation, since neither guidance nor autopilot i s  carr ied i n  the 
t h i r d  stage. 

A radio guidance system (BTL) i s  ins ta l led  i n  the second 
This includes coast-phase 

Iln l!PP x-24.8 so l id  . 
Pr ior  t o  

Mission Capability: 

Schedule: The first  Delta f l i g h t  was scheduled f o r  1960 with f l i g h t s  
After a second stage coastphase failure during the 

The Delta i s  capable of launching a 100-pound 
space probe or  putting gn800-pound payload into a 300 nom. c i rcu lar  orbi t .  

extending t o  1962. 
f irst  launching i n  March 1960, Delta has had 13 consecutive f'ully 
successful bunchings, placing each payload i n  an o rb i t  very close t o  t h a t  
planned. 

An'additional fourteen vehicles have been ordered for use 
with Tiros, active cormmication s a t e l l i t e  programs, and qdditional 
s c i en t i f i c  s a t e l l i t e s .  These launches w i l l  continue w e l l  in to  calendar 
year 1963, and perhaps beyond, a t  a r a t e  of one t o  two per month. 

Description: The Thor-Agena-B is  a two-stage vehicle i n  whfch 
the first stage consists of a production Thor with the  nose cone and guidance 
unit removed. F i r s t  stage propellants a re  l iqu id  oxygen and RP-1 f'uel. 
second stage consists of an Agena-€3 vehicle*. 
improved version of the  vehicle used by the A i r  Force i n  the Discoverer 
ser ies .  

The 
The Thor-Agena-B i s  an 

+6 Unsyrmnetrical dimethyl hydrazine (UTNI)  and inhibited red 
>-ng n i t r i c  acid (I€U?NA) are the Agena 13 propellants. 

. .  
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Mission Capability: The objective of the Thor-Agena-B is  t o  g a b  
increased payload m i g h t  and orb i t  a l t i t ude  a t  an ear ly  date and a t  
minimum cost. 
over 1500 pounds into a 300 n.m. c i rcular  orbit ,  or a 650 pound Nimbus 
in to  a 600 nom. c i rcu lar  polar orbi t .  

T h i s  vehicle 15511. be capable of launching a payload of 

Schedule: Ten Thor-Agena-B vehicles a re  currently planned through 
1964, including the Nimbus meteorological s a t e l l i t e .  AU. current 
Thor-Agena-B launches are f o r  sc ien t i f ic  and applications s a t e l l i t e s  
which require polar orbits,  hence they w i l l  be launcked from PMR. 

Description: Atlas-&em-B i s  a tvo-stage vehic:lc. The first 
stage i s  a D model Atlas niodified t o  accept a second stage. 
Agena-13 second stage i s  the stage described for the Ibor-Agcna-B. 
'!Bie Atlas-Agena'-B ins developed by the A i r  Force and . t r i l l  be extensively 
used i n  A i r  Force propans  from the Pacific Missile 1:ange. 

The 

Mission Capability: The Atlas-Agena-B is  being enployed t o  launch 
the Ranger ser ies  of hard lunar landing missions and the Mariner 
Planetary Probes and provide increased payload and o rb i t  a l t i t ude  
capabili ty f o r  several ear th  s a t e l l i t e  missions. 

k5000 pounds into a 300 n.m. c i rcular  orbit ,  send over TOO pounds t o  
t h e  moon (Ranger), or  in jec t  450 pounds t o  Venus (Mariner). 

It can place about 

Schedule: The f i rs t  NASA Atlas-Agena-B zms launched on A u g u s t  23, l96l. 
This f l igh t ,  the  i n i t i a l  Ranger launching, achieved only a p a r t i a l  
success i n  that it f a i l e d  t o  obtain a second burn of the Agena stage, 
which prevented i t s  escape from the prescribed 100 n.m. parking orbi t .  
Eighteen Atlas-Agena launchings are progrand  through 1964. 
planning currently r e f l ec t s  a sustained r a t e  of f i r i n g  thmugh 1965 
and 1966 with a taper-off i n  1967. 

Long' range 

CElWUR 

Description: Centaur i s  a 10 f t .  di'unctcr high-energy upper stage 

The devel.o-pr1lcn-b .launches of Centaur 
poirered by two Pra-tt P; Ihitncy RL 10-A-3 l iqu id  hydrogen-liquid oxygen 
engines of: 15,000 l b .  th rus t  each. 
w i l l  use a modified A t l a s - D  as a fZmt stage. 
lo5 f e e t  long and treighs about 3OO,OOO lbs .  a t  launc'h. 
vehicles will use more powerw A t l a s  boosters. 

This zonf'i&ation is  over 
Operational 

Mission Capability: The high energy propellants used i n  Centaur 
give it a payload capabill ty substant ia l ly  above that of the A t l a s -  
Agena-B. Atlas-Centaur can place a payload of over 9,000 pounds i n  a 
low ear th  orbit .  Its performance advantages for  high veloci ty  missions 
is even mre marked. 
series of unmanned s o f t  lunar landings and ' the Mariner planetary shots. 

It will be used by NASA principal ly  f o r  the Surveyor 

Schedule: The f irst  deyelopment f l i g h t  of Centaur took place on 
The vehicle f a i l e d  during first stage f l i gh t ,  probably due 

Centaur, as 

May 8, 1961. 
t o  aerodynamic forces. The development test  program extends through 1964, 
w3th the first Surveyor payload scheduled f o r  l a t e  i n  1964. 
an upper stage for Atlas and possibly T i t a n  I1 or  Sa.turn C-1, i s  expected 
t o  remain operational throughout t h i s  decade. 

. 



Description: The Sa-burn C-1 is  a mdLti-prpasc space booster vehicle of 
approximately l 0 5  million pounds of i n i t i a l  th:nst, 
approxbmtely 80 ft, long, 257 kxhes  diameter, w&$1iilg 103,OaO #dXy is 
powered by eight Rocketdyne H - l  engines of 188,000 p m d s  t h rus t  each. 
The four inner engfnes are f ixed an5 tbe four outzr mgines are  gimballed 
f o r  pitch, 31bw, and r o l l  control, 
center tank and four of the outer tanks caar5ain liqu53 2xygen and the 
remaining four hold the hydroearbm fu.eh. 

%e first stage, 

Of %e nlne pmpzllaxt tanks, the  

The Saturn S-rV, appsoxtmately 41 ft, lag, 223 inches diameter, 
weighing 11,978 #dry, i s  powered Sy six P r a t i  & ThTh5tney RL10-A-3 engines 
of approximately 15,000 pounds thrdst each (Centaur engines) and win 
burn approximately 100,000 pounds of Equi_a cxygec an2 lipid hydrogen. 

0 

A potent ia l  third stage for the Sxb/--?z cfs2-d %le a s l igh t ly  modLfied 
Centaur stage, which a l s o  uses l iquiB oxygI-:i a26 Siqxid hflrogen. 
three stage vehfcle is esDbated t o  be 188 feet hight. 

Such a 

Mission Capability: The vehicle can be use2 f o r  both manned and 
unmanned o rb i t a l  missions, such as Eym-Soar, A;?oXLs space crew training, 
e tc  with a payload capabili ty of about 26,333 pvmds in  a 300 nom. 
orbi t .  
pounds could be put i n  a 2k==h(m~ equato?al o3L- t ;  and lurmr and deep 
space-missions performed ~ Y I  an e s c q p  ;?ayLoaC 0-F” a’ljoii5 6,000 pounds. 

With addition of a suitable thi r l .  stage, j?aylc?ads of about 3,500 

The C-1B i s  a t-do-stzge 1amdi vehicle. The first 
powered by a c lus t e r  of 2-1 engf‘ntls developing a - .  

t o t a l  sea leve l  t h k s t  of &proximately 1,5PjO9iX3C poundso The second 
stage (S-IVB) t o  be powered Sy a single 2-2 engine cIevelG2ing a t o t a l  
vacuum thrust  of approx5matuly 230,037 p ~ l l ’ d : ; .  
a s l igh t ly  modified versiw of t’w C’IIIL*ES C-4 &age bcine developed 
by h T C .  
stage currently being develope2 by Douglas for use CAI the  Ad.vanced Saturn 
2-5 based on deeign concep%s frmWCo 

Fie ?--*A stage will be 

The semnd stage WSlL be a ~l-lrs;?-”u mrc2”;-s’fcatik:?A t o  the  S-TVB 

Secondary M i s s ~ Z .  ‘&e 6-lb launch vehicle i n  
the  three-stage configuration s h a l l  p h c x  the A~QLQ spacecraft in to  a 
t ra jec tory  simulating lunar re-&xy. 

Other Missioris. The C-l;? lsmch vehicle w i l l  

IC aad’,-tioz?, ‘c3e following missions 
provide an ear ly  means of ctemnstrat-lng the capa5ilt ty of the  S-NB stage 
i n  support of the e-5 A p l l o  program. 
may be performed: 

. 
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ADVANCED SATURN 

Description: The Advanced Saturn first stage (S-1C) w i l l  be powered 
by f ive  Rocketdyne F-1 engines, each of which develclps 1.5 million pounds 
of thrust f o r  a t o t a l  thrust  of 7.5 million pounds. 
arranged i n  a square pat tern of four gimballed engines with one fixed 
engine i n  the center of t he  square pattern. This basic configuration 
provides fo r  maximum f l e x i b i l i t y  i n  tha t  two of the outside engines can 
be eliminated without redesign, thus providing a more economical 
stage f o r  missions which do not require the f u l l  7.5 million pounds of 
thrust. 
4.4 million pounds consisting of l iqu id  oxygen and hydrocarbon f u e l  i n  
two tanks, each approximately 33 f ee t  i n  diameter. 
w i l l  be approximately 138 f e e t  . 

The engines w i l l  be 

The S-1C w i l l  have a propellant capacity of approximately 

The t o t a l  length 

The second stage (S-11) w i l l  be powered by f ive  5-2 
engines developing 200,000 pounds thrust each, f o r  a t o t a l  thrust  of 
1,000,000 pounds . 
capacity w i l l  be i n  excess of 900,000 pounds. The second stage w i l l  be 
approximately 33 fee t  i n  diameter and approximately 83 fee t  long. 
engine-out capabili ty will be provided. 

The propellant ( l iqu id  oxygen and l iqu id  hydrogen) 

An 

The t h i r d  stage (S-IVB) w i l l  use one 5-2 engine f o r  a t o t a l  
thrust  of 200,000 pounds. 
and l iqu id  hydrogen usable propellant loading and w i l l  be 260 inches i n  
diameter and 58 fee t  long. 

It w i l l  carry 23O,OOO pounds of l iqu id  oxygen 

. 

Mission Capabilitx: 
have suff ic ient  payload capabili ty t o  perform manned lunar-landing 
missions using a single earth-orbital  rendezvous. 
vehicle f o r  manned circumlunar and lunar orb i t  missions, and fo r  unmanned 
lunar and planetary explorations. This launch vehicle w i l l  have the 
capabili ty of putting more than 100 tons i n  a low ear th  orb i t  and of 
sending more than 40 tons t o  the v ic in i ty  of the  moon. 
will be placed on the Apollo, Prospector, and Voyager missions. 

The Advanced Saturn Launch Vehicle system w i l l  

Also, provide a basic 

Prime emphasis 
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COSTS QF LAUNCHED SPACECRAFT (MILLIONS QF DOLLARS) 

Orbiting Astronomical Observatoi& 

Space craft 
Atlas -Age= 

Total 

Unit cost $50.08 million 

Orbiting Geophysical Observatories - 
Spacecraft 
Atlas-Agena 
Thor -Agena 

Total 

$ 168.0 
38.7 

,?3.3_ 

$ 230.0 

Unit cost $25.6 million 

Orbit* Solar Observatories 

Spacecraft 
Delta 

$ 48.0 

Total iuLz 
Unit cost $9.36 million 

Ionosphere Satellites 

Spacecraft 
scout 
Delta (Dev. Veh) (1) 
mor  gena (2) 

$ 10,673 
5.000 
2 . 500 
13 .loo 

Total $ 31.273 

Unit cost $3.9 million - Does not include spacecraft 
cost fundea by International Groups. 

Atmosphere Structures 

Spacecraft 
Delta 

Total 

$ 10.282 
7.500 

Unit dost $5.6 million 
e 
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Energetic Par t ic les  Satell i tes 

Spacecraft ( 2 p  $ 4.462 
Delta (Develop. Vehicles) ( 2) 5.000 

Total $ 9.462 

Unit cost $4.7 mill ion 

IMP 
7 

Spacecraft (7)* 
Delta (7) -  

$ 12.470 
17.500 

Total  

U n i t  cost $4.2 million 

Spacecraft 
A t l a s  Agena 

Total. 

Unit cost $23.6 -on 

PIONEER 

Spacecraft (4p 
Delta (4) -  

Total  

Unit cost $7.0 million 

Rawer 

Spacecraft 
A t l a s  Agena 

Total  

$ 61.600 
32.600 

$ 94.200 

$ 18.100 
10 . 000 

$ 28.100 

$ 150.126- 
ll0.000. - 

$ 260.126 

Unit Cost $18.6 million 
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Surveyor Lander 

Spacecraft (17p  
Centaur (17 

:I; 255.949 
157.300 

Total 

Unit cost $24.3 million 

Mariner R 

Spacecraft 
Atlas Agena 

Total 

Unit d o s t  $22.8 million 

Mariner B 

Spacecraft (5)* 
Centaur (5)  

Total 

Unit cost $49.6 million 

Mariner M 

Spacecraft 
A t l a s  Agena 

Total 

$ 58.526 
32.800 

$ 200.915 
47.000 

$ 247.915 

$ 51,200 
16 , 400 

$ 67.600 

Unit cost $33.8 million 

* Costs include experiment deslgn and fabrication, 
- spacecraft assembly and t e s t ,  and data analysis. 

.)c.3[. Includes charges carr ied over from VEGA Development. 
. _  
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